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Abstract. Background/Aim: It has been found that
microRNAs (miRNA) affect rheumatoid arthritis (RA)
pathophysiology. This study aimed to identify novel serum
exosomal miRNAs related to RA disease activity in patients
with an inadequate treatment response. Patients and
Methods: The sample population comprised clinical
remission (CR) and non-clinical remission (non-CR) groups
of RA patients. To identify potent miRNA markers for RA
disease activity, miRNA array and qPCR were performed
after patient serum exosomes preparation. Results: Has-miR-
1915-3p and has-miR-6511b-5p were significantly higher in
the serum exosomes of the CR group. The level of serum C-
reactive protein (CRP) was negatively correlated with has-
miR-1915-3p level in serum exosomes. Conclusion: Has-
miR-1915-3p may be a potential marker for Korean RA
disease activity.

Exosomes are membrane-bound vesicles 40-100 nm in
diameter that play an important role during information
exchange between cells. Exosomes deliver their contents into
the cytosol of neighboring cells through secretion and
multivesicular body fusion with the plasma membrane of
these cells (1). These contents include microRNA (miRNA)
molecules, also known as non-coding RNA (ncRNA)
molecules, which are associated with the pathogenesis of
various diseases (2). Although the specific function of
ncRNAs is largely unknown, exosomal RNA is known to
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play a role in various biological responses in the disease such
as Rheumatoid arthritis (3).

Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease (4), with ~30-40% of RA patients
showing an adequate treatment response to an optimal dosing
regimen of the antimetabolite agent, methotrexate (MTX).
Several promising biomarkers for early diagnosis and
treatment response have been proposed from a genomics and
proteomics perspective (5). Recently, the effect of
epigenetics on RA, such as miRNA expression, was shown
to contribute to a range of complex mechanisms concerning
this disease (6, 7). Concerning ncRNAs, Hotair has been
reported to be highly expressed in blood mononuclear cells
and the serum exosomes of RA patients (3).

In this study, we tried to identify new exosomal miRNAs
related to disease activity in RA patients who have shown
inadequate response to treatment by using an miRNA array.
We also investigated the correlation of miRNA expression
levels with various serological parameters of the patients.

Patients and Methods

In this study, we included 42 female RA patients, who had received
MTX for at least six months prior to collection of blood samples at
the Eulji University Hospital in the Republic of Korea. All patients
met the 2010 American College of Rheumatology/European League
against Rheumatism RA classification criteria (8). The disease
activity was measured using the 28-joint disease activity score
(DAS) obtained by erythrocyte sedimentation rate (ESR) (DAS28-
ESR). The RA patients were stratified into two groups according to
following criteria: i) clinical remission (CR) group (n=22), with
DAS28-ESR<2.6, and ii) non-CR group (n=20) with DAS28-
ESR>2.6. According to the principles of the Declaration of Helsinki,
an informed consent was obtained from all patients and the
institutional review board of the Eulji University Hospital approved
this study (Approval Number: 2015-9-02).

The purification and precipitation of serum extracellular vesicles
was performed using the ExoQuick solution (System Biosciences Inc.,
CA, USA) according to the manufacturer’s instructions. The Total
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Figure 1. miRNA profiling in serum exosomes using a miRNA array. The graph shows fold-changes between CR and non-CR groups. CR: Clinical

remission; miRNA: microRNA; RA: rheumatoid arthritis.

Exosomal RNA and Protein Isolation kit (Invitrogen, Carlsbad, CA,
USA) was used for total RNA preparation. After checking the RNA
quality by an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo
Alto, CA, USA), we used lug total RNA by pooling with the same
amount (54ng) of total RNA from each sample in the same group. To
find new miRNA markers, we used the Affymetrix Genechip miRNA
4.0 Array (Affymetrix; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), in accordance with the manufacturer’s protocol.

Quantitative real-time PCR (qRT-PCR) was performed with
specific primers for miRNAs to quantify the expression of selected
miRNAs of each sample in one particular group (miScript System;
Qiagen, Inc., Valencia, CA, USA). Five miRNAs: i) hsa-miR-4516
(assay-ID:  MS00037555), ii) hsa-miR-3613-3p (assay-ID:
MS00031787), iii) hsa-miR-1915-3p (assay-ID: MS00044604), iv)
hsa-miR-3665 (assay-ID: MS00043736), and v) hsa-miR-6511b-5p
(assay-ID: MS00045661) were selected. SNORD96A _11 was used
as the endogenous control (assay-ID: MS00033733) for
normalization. Threshold cycle (Ct) values were used to calculate
the relative miRNA expression using the ACt method. Each reaction
was run in duplicate and each experiment was performed at least
twice. A comparison between groups was performed using the
Student’s r-test or the Mann-Whitney U-test, and Spearman’s
correlation coefficients (o) were calculated. All statistical analyses
were performed using the SPSS program for Windows, Standard
Version (version 19.0, SPSS Inc., Chicago, IL, USA) and p-
Values<0.05 were considered significant.

Results
The clinical and serological features of the 22 CR and 20

non-CR group patients are shown in Table I. There was no
significant difference in disease duration, rheumatoid factor
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Table 1. Patient clinical characteristics.

Parameters CR group Non-CR group p-Value
Age (mean+SD, years) 53.3£9.26 52.6+£9.48 0.34
Female, n (% of total) 22 (100) 20 (100) N/A
Disease duration, 6.65 (4-12.5) 12.85 (2.8-15) 043
median (IQR), years
RF-positive, n 17 (77.2%) 14 (70.0%) 0.73
(% of total)
Anti CCP antibody- 13 (59.1%) 19 (95.0%) 0.008*
positive, n (% of total)
CRP, median (IQR), 0.09 (0.04-0.11) 1.27 (0.37-2.58)  <0.001*
mg/dl
MTX dosage, median 15 (12.5-15) 15 (15-15) 0.68
(IQR), mg/week
Use of corticosteroid, 4 (18.2%) 19 (95.0%) <0.001*

n (% of total)

*p<0.05. CCP: Cyclic citrullinated peptide; CR: clinical remission; CRP:
c-reactive protein; IQR: interquartile range; MTX: methotrexate; RF:
rheumatoid factor; SD: standard deviation.

(RF), or dosage of MTX among the patients in both groups.

After the miRNA array data were processed for relative
quantification of miRNA expression in exosomes for the CR
and non-CR groups, we identified 47 miRNAs with a
relative 2-fold change (non-CR/CR) (Figure 1).

We performed qPCR experiments to validate the miRNA
markers and found that the CR group showed higher levels of
hsa-miR-1915-3p, hsa-miR-6511b-5p, hsa-miR-3665, and hsa-
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Figure 2. Relative fold change of miRNA levels in serum exosomes compared between CR and non-CR groups of RA patients. A) hsa-miR-1915-3p,
B) hsa-miR-4516, C) hsa-miR-6511b-5p, D) hsa-miR-3665, E) hsa-miR-3613, and F) Correlation between hsa-miR-1915-3p and c-reactive protein
(CRP). **p<0.01, *p<0.05. CR: Clinical remission; miRNA: microRNA; RA: rheumatoid arthritis.
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miR-3613; however, the level of hsa-miR-4516 was higher in
the non-CR group. From 5 selected miRNAs, just 2 miRNAs
such as hsa-miR-1915-3p and hsa-miR-6511b-5p showed
significantly increased expression in the CR group compared
to the non-CR group (Figure 2A-E). The level of hsa-miR-
1915-3p was different between the CR (43.75-fold) and the
non-CR group (24.68-fold) (p=0.004). In addition, the level of
hsa-miR-6511b-5p was also higher in the CR group (3.02-
fold) compared to the non-CR group (2.45-fold) (p=0.03).

Next, we investigated the correlation of miRNA levels
with several clinical variables. The serum C-reactive protein
(CRP) level was significantly negatively correlated with the
level of hsa-miR-1915-3p in exosomes (9=—-0.327, p=0.045)
(Figure 2F). There was no correlation between CRP and the
levels of other miRNAs in either CR or non-CR groups. In
addition, the anti-CCP antibody was significantly correlated
with hsa-miR-3613 in the CR group (0=0.465, p=0.039);
however, it was not correlated with the miRNA levels in the
non-CR group.

Discussion

Recently, study results indicated that biological alterations
such as changes in miRNA expression may be involved in
the pathogenesis of autoimmune. Several of these miRNAs
as well as their associated regulatory cascades are considered
important in the autoimmune disorder of RA in different
clinical stages of it (9, 10). Interestingly, numerous studies
have suggested expression changes of miRNAs the in
plasma/serum samples of RA patients (6, 11, 12), however
there is lack of data with regards to the link between the
disease activity of RA and these miRNA markers.

In this study, we evaluated miRNA levels in serum exosomes
of RA patients and suggested that one of the miRNAs, hsa-miR-
1915-3p, correlates with the disease activity of RA.

Though its exact function remains unknown, hsa-miR-
1915-3p is considered as one of the dysregulated miRNAs
in various types of cancers (13), while it has been reported
that oxidative stress up-regulates hsa-miR-1915-3p (14). It
is suggested that activated neutrophils are included in the
synovial fluid of the inflamed rheumatoid joint and
Neutrophils in the synivial fluid of RA patients show
enhanced O,~ production by inflammatory cytokines
exposure. Furthermore, Ischemia and reperfusion during
movements are considered to contribution of the production
of reactive oxygen species (ROS) in the synovial fluid of the
inflamed rheumatoid joint (15). Another study has shown
that RA patients have significantly higher levels of pro-
oxidants (superoxide anion radical, hydrogen peroxide, and
thiobarbituric acid reactive substances) compared to healthy
controls, and significant differences were observed in the
serum levels of nitric oxide in patients with high disease
activity (16). Taken together, hsa-miR-1915-3p is negatively
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associated with the disease activity of RA as an oxidative
stress-responsive miRNA.

In conclusion, we suggested that exosomal hsa-miR-1915-
3p may be a bio-marker that can assess the disease activity of
RA patients. Some limitations in our study include the sample
size, the lack of healthy controls and the fact that this was a
simple cross-sectional study design. Further investigation
about hsa-miR-1915-3p may be useful for the development of
novel tools concerning the disease activity and prognosis in
RA as well as other autoimmune diseases. In addition, further
research with a large number of samples and additional
miRNAs in known pathways is also warranted.
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